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@ Telephone handset with ftill page video display. 



® A telephone handset Incorporates a miniature 
virtual image display which can display a full page of 
text at high resolution. The miniature display Is a 
scanning minror type of display in which a line image 
Is generated by a ilne of light-emitting devices such 
as light emitting <fiodes (LEDs). A magnifying optical 
system creates a magnified virtual image of the LED 
Gne and the virtual line Image is then converted Into 
a virtual raster Image by an oscillating mirror. The 
virtual Image can be viewed at distances close to the 
display $o that the display can be viewed while the 
teiephone handset is being used. 
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TELEPHONE HANDSET WITH FULL-PAGE VISUAL DISPLAY 



FIELD OF THE INVENTION 

Tills Invention relates to teJepnone sets which 
display data, moTQ specifically to telephone sets 
that have a visual display in the handset 



BACKGROUND OF THE INVENTION 

Many conventional telephone communication 
systems incorporate visual display capabilities 
which allow information to be displayed. Prior art 
devices include: telephones with liquid crystal dis- 
plays (LCDs) mounted on the telephone base or In 
the handset; wail-mounted pay telephones with 
built-in cathode ray tube (CRT) displays and com- 
puterized communication systems which combine 
a telephone with a modem or other communication 
device. 

At the present time the use of such display 
devices is either llmltBd to the display of small 
amounts of information such as dialed numbers, 
names, memoranda and low-resolution graphic 
data or confined to "desk-top" sfze urtits with con- 
ventional full-sized displays. However, with the con- 
versioa of the existing voice-grade^ telephone net- 
work to a network which can transmit both votee 
signals and data signals, the need will Increase for 
relatively high-resolution visual displays at the tele- 
phone to display the large amount of transmitted 
data. 

For certain applications, such as business of- 
fices, a conventional CRT or large-sfze. flat-panel 
LCD display may be Integrated into the telephone 
base in order to provide tiie capability of rapidly 
displaying large amounts of data* In other situ- 
ations, however, restricted space wiB not alfow use 
of a "full-size" data display* For example, tele- 
phones designed for home use. mobile telephones, 
and wall-mounted telephones are generally de- 
signed to minimize size and thus could not easily 
incorporate a conventional size CRT display. 

Even if tiiere Is space for conventional dis- 
plays, tiie relatively high cost of a conventional 
high-resotution display, such as a fi^l-dze flat-panel 
LCD. make fhe use of such displays undesirable in 
applications where tiie need to dteplay data is 
occasronal. For example, office or factory extension 
telephones and pay telephones generally are used 
so infrequently for data display that the cost of 
equipping such telephones witii conventional full- 
size displays would be unecomonical. Although 
tiiese telephones could be economlcaily equipped 
with conventional one or two line LCD dtspiays 
tiiese latter di^ays can only display a small 



amount of alphanumeric data 

In order to ovenxtme the present limitations of 
full-size visual displays, some well-known tech* 
niques have been used to ^'enlarge" small di^lays 
5 and make tiiem easier to view. Normally, a visible 
real image can be no larger than ^e physical 
display enck>sure. However, it is possible to create 
an enlarged Image by magnifying tiie real image 
produced by a small conventional display. This 
10 technique is presentiy used in the viewfinders of 
some conventional video cameras. Although this 
technique could be applied to telephone displays, a 
problem with this approach is that ttie magnifteation 
does not slgnlficantiy increase tiie resolution of the 

16 initial display, it merely makes the small display 
easier to see. Thus, witii a conventional display 
generated on a small CRT, the resolution of the 
initial image and, consequently, the resolution of 
the magnified image Is not high enough to ade- 

20 quately display a full page of text or to display 
graphics information. It is possible to use a high- 
resolution CRT to generate tiie Initial Image. Con- 
ventional miniature CRTs exist which are capable 
of displaying a full page of text or graphics, but 

2S these CFTTs are expensh/e and have the normal 
drawbacks associated with CRTs such as power 
supply pmblems and rellabKfty. 

. Consequently, ttfe relationship of case size to 
Image size has meant tiiat only very small displays 

30 could be Incorporated into ^ limited space avail- 
able in teleiirfione handsets. A further problem with 
conventional displays is that they generally require 
that tiie user hold tiie hmidset at a comfortable 
reading distance to view tiie display whereas the 

js user must place the handset near his ear to use 
the telephone. Thus, it is not possible to simulta- 
neou^y use tiie telephone and view the display. 

Accordingly, it Is an object of tiie present In- 
vention to provkle a telephone handset which has 

40 the ability to display a full page of text or graphics 
information. 

It is another object of tiie present invention to 
provide a telephone handset whteh fnojrporates ttie 
ability to display a full page of text or graphics 
46 infonmatton without physically Increasing the size of 
the telephone. 

It is another object of ttie present invention to 
provide a telephone handset in which a fulhpage 
display can be viewed while simultaneously ^ak- 
50 ing and fistening on tite telephone. 

It is still another object of the present invention 
to provtele a telephone handset which incorporates 
a high-resolution visual display whteh is compact 
and space-efftclent 

It Is yet another object of ttie present Invention 
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tD provkto a telephone handset which incorporates 
a high-resolution visual display on which displayed 
data can only be seen by user of the telephone. 



SUMMARY OF THE INVENTION 

The foregoing problems are solved and the 
foregoing objects are achieved in one illustrative 
embodiment of the invention In which a telephone 
handset incorporates a miniature virtual image dis- 
play which can display a full page of text a! high 
resolution. The miniature display is a scanning mir- 
ror type of display In which a line Image is gen- 
erated by a line of light-emitting devices such as 
Hght emitting diodes (LEDs). A magnifying optical 
system creates a n^nlfied virtual image of the 
LED line and the virtual line image is then con- 
verted into a virtual raster Image by an oscillating 
mim}r Information fed into the LEDs Is properly 
synchronized with the motion of the mirror so that 
a high resolution virtual image can be viewed in the 
minor. With proper design of the optical system, 
the virtual image can be viewed at distances close 
to the c^splay so that the display can be viewed 
while the telephone handset Is being used. A typi- 
cal vlrtuaHmage scanning display can aocxmoMB 
a "full-page" (80K»lumn by 24 line) display of text 
characters or the equivalent graphical display (280 
by 720 pbcels). 

The Inventive arrangement generates a high- 
resolution two-dimensional Image with a relatively 
low cost because it does not merely enlarge an 
existing two dlmenstonal Image but rather creates a 
two^lmensional virtual image from a one dimen- 
sional line Image. TTie technology used to generate 
the one-dimensional line Image can be implement- 
ed with considerably less expense than a high- 
resolution two-dimensional real Image. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a perspective view of an 
illustrative embodiment of a telephone handset 
which Incorporates a miniature scanner display. 

Figure 2 shows a perspective view of an 
illustrative emlx)diment of a telephone handset 
which incorporates a minioture scanner display in 
use. 

Figure 3 shows another perspective view of 
the embodiment shewn In Rgure 1 resting on a 
table top when the handset is not In use. 

Rgure 4 shows a perspective view of a 
scanning display mechanism wNch can be used 
with the illustrative embodiments shown In Rgures 
1-3. 

Rgure 5 is a block electrical schematic of 



the circuitry used to display Information on ttie 
display sfwwn In Rgure 4 ai a communication 
system In which two telephone lines are used to 
transmit and receive both voice and data. 
5 Rgure 6 Is a block electrical schennatic of 

the circuitry used to display information on ttie 
display shovm in Rgure 4 in an ISDN communica- 
tion system in vidilch a single telephone line Is used 
to transmit and receive both votee and data. 

70 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Rgure 1 shows an illustrative embodbnent of a 

75 telephone handset 1 which Incorporates a minlatuns 
visual display. The handset is shown without a 
base and may illustratively be used with a conven- 
tional telephone base or can be cfirectiy connected 
to tiie telephone line without a base. If a base Is 

30 used, handset t would be connected to ttie base 
(not shown) by a conventional cord (not shown). 

TTie Illustrative handset 1 consists of a body 2 
whteh has a conventional receiver 3 mounted on 
one end. The other end of body 2 Is connected to 

2ff a Irght'^ight box 10 In which the miniature scanning 
display is housed. In order to allow the user to talk* 
a microphone 4 nru)unted on a flexible stalk S Is 
provided. In use, as shown in Rgure 2 the user 
would place receiver 3 against his ear arid speak 

so into the microphone 4. ThB "L-shaped" design 
allows the display device to be viewed through 
window 8 In light-tight box 10. Also shown In Rgure 
2 is a focusing knob 9 (ttiat woukj nomnally be 
covered by tiie user's hand) wMch would alkm the 

35 user to adjust the display focus to suit his pre^ 
erence. 

The Illustrative embodment ts citable for right 
or left-hand use by simply flipping the unit over. A 
manual or gravity-sensitive switch (not shown) is 
40 provided to rotate the displayed ^age when the 
unit Is flipped. 

Rgure 3 shows ttie same telephone unit 1 
resting on a table top 7 when not In use and when 
used without a base. When used wtttiout a base a 
45 conventional hook-swlu:h (not shown) would be 
used to disconnect the telephone line when the unit 
Is not In use. 

Rgure 4 of tiie drawing shows a iBustrative 
embodiment of a a miniature display device which 
50 can be included in box 10 to devebp a raster 
Image for the display of information. The miniature 
display device Is of ttie type described in detail in 
copending U.S. Patent appOcatbn entitied Mnia- 
ture Video Display System, filed on July 27, 1987 
65 unaer serial number 078,295 and assigned to tiie 
same assignee as tiie present invention and copen- 
ding U.S. Patent applicaticm entitied Low Vtore^on 
Resonant Scanning Unit fbr Miniature Optical Die* 



5 



EP 0 352 914 A2 



6 



piay Apparatus filed on May 31, 1988 under aerial 
number 200.645 and assigned to the same as- 
signee as the present invention* The operation and 
construction of the display device is discussed in 
detail in those applications, both of whfch are here- 5 
by Incorporated by reference, and will not be re- 
peated in detail herein for clarity. The display de- 
vice consists of a base 40 on which the various 
opticai components whlch.comprise the display are 
mounted. At one end of .base 40 Is mounted the io 
header bioclc 45 In which an array of ilght-emitting 
devices 50 (such as light-emitting diodes) is at- 
tached. Generally, such an anray may be a linear 
an^ay comprising two rows of devices which are 
staggered in order to compensate for gaps be- i$ 
tween the devices. The devices are covered by a 
ciear cover plate 60. 

Ught emitted from devices 50 Is projected via 
mirror 70 by means of an optical system which 
consists of housing 80 fn which are mounted len- 20 
ses 90 and 100. In accordance with the principles 
set forth in the aforementioned U.S. patent applica- 
tion serial no. 078,295, the lens system projects an 
enlarged virtual image of array EO via minror 70. 

As described In the above-descrfbed patent 25 
applications, m\mr 70 Is oscillated by an electro- 
mechanical drive motor (not shown). The osdiiatlon 
of mirror 70, in turn, creates a raster Imago from 
linear anray 50. 

Figures 5 and 6 are block electrical schematic 30 
diagrams of two different embodiments of handset 
circuitry which enable the telephone to transmit 
and receive both voice and data signals. After 
reception the data signals are displayed on the 
display device. In accordance with the invention, an as 
entire page of display Information can be displayed 
at once on the illustrative scanning display. 

The embodiment shown In Figure 5 can be 
used with available telephone lines. In order to 
carry on simultaneous voice and data transmissiw, 4o 
two two-wire telephone Unes are required. Alter- 
natively, the device can be used with a single 
telephone line but the voice and data signals must 
be multiplexed onto the single One and, thus, si- 
multaneous voice and data transmission is not pos-* 46 
sible. 

More particularly, two conventional telephone 
lines 100 and 102 are connected to allow simulta- 
neous transmission of voice and data In particular, 
telephone line 100 is connected to a data access so 
(DAA) device 104. Device 104 is a conventional 
hybrid circuit which is reqdred by regulatory agen- 
cies to connect any equipment to telephone lines, 
its construction and use are weO-known. In the 
same manner, telephone line 102 la connected to a sq 
second DAA device 108. The output of DAA device 
104 is provided, via signal path 108, to multiplexer 
112. Although path 108 Is shown as a single wire, it 



would, in fact, consist of two or more wires In order 
to can7 the anatog signals produced by DAA de- 
vice 104, Similarly, DAA devtee 106 is connected 
by signal path 110 to multiplexer 11Z 

Multiplexor 112 is a conventional analog mul- 
tiplexer which is, in turn, operated by control sig- 
nals on data txjs 128 generated by microprocessor 
130. Multiplexor 112 consists of . a set of relay 
switches which can be controlled by microproces- 
sor 130 In order to connect modem 120 or tele- 
phone chip 118 to eitiier of telephone lines 100 and 
102. 

Modem 1 20 is a conventional 
modulator/demodulator circuit which Incorporates 
seriai-to-parallei conversion circuitry and which 
converts the anatog signals produced by DAA de- 
vice 104 to digital signals which are used by micro- 
processor 130 in order to display informatton on 
display 142. 

Telephone chip 118 is a conventional 
commerically-avaiiabte integrated circuit chip which 
Implements ttie functions needed for a voice-grade 
telephone, including off-hook detection and multi- 
frequency tone generation. The function and opera- 
tion of ttie circuitry contained on this chip are well- 
known and will not be discussed further herein. 
Chip 118 Is connected to a conventional receiver 
122, microphone 124 and telephone ringer unit 
125. in tile Application shown In Figure 5, tele* 
phone chip 118 is controlled, via data bus 126, by 
microprocessor 130 by means of signals which 
would nomiaily be generated by tiie dial push- 
buttons. Conventional telephone c^lps have been 
designed In order to work In this manner. 

Under control of microprocessor 130. multi- 
plexer 112 can connect modem 120 and telephone 
chip 118 to telephone lines 100 and 102 to provide 
two modes of operation, in "two-line" operation, 
multiplexer 112 connects line 100 dlrectiy to chip 
118 and One 102 dlrectiy to modem 120. These 
connections allows slmulteneous voice and data 
transmission and reception. Analog voice infonro- 
tlon on line 100 then passes to chip II8. On One 
102, digital Intormation, which is generally encoded 
by tones, is passed to modem 120 which converts 
tiw tones into cBgitai signals that can be manipu- 
lated by microprocessor 130. 

However, in "^le-Hne" appOcations where 
two telephone fines are not available, botfi modom 
120 and chip 118 can be omnected by muftlptexer 
112 to line 100 In an alternating fashion. This 
allows for tiie voice and data transmlsston over a 
single telephone line, although not s&nulteneously. 

Mteroproceasor 130 Is, in turn, controlled by a 
program stored In read only memory (ROM) 134. 
This program is written in a straightforward fashion 
and enables microprocessor 130 to recognize, re- 
ceh^e and iormat Incoming &r\d outgoing data. Al- 
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tematively. mtcroprocessar 130 can be controHed 
by mgnals ganerated from keyboard 132 which can 
be optionally added to the telephone handset or 
may comprise the dial pushbuttons normally found 
on the handset 

Information and data generated by micropro- 
cessor 130 and received via modem 120 Is tem- 
porarily storsd in random access memory (RAM) 
138, Under control of microprocessor 130 Informa- 
tion stored In RAM memory 136 can be transferred 
to frame buffer memory 138. 

In accordance with the invention, frame buffer 
memory 138 stores an entire "page** of display 
Information (approximately 1920 characters) all of 
which can be displayed by the scanning display 
and viewed by the user. Such a display Is possible 
because the "virtual" image of the scanner display 
display allows the physical size of the display to be 
reduced while the display maintains sufficient reso- 
lution to display a "page" of information. 

The Information stored in frame buffer 138 Is 
displayed on the display 142 under control of cfis- 
play controller 140 as previously described. The 
operation of frame bufler 138 and cBspiay controller 
140 in order to display Information on display 142 
is described in detail in the aforementioned patent 
application serial no. 076295 and will not be dis- 
cussed further h detail. 

Also not shown is a conventional power supply 
which may operate on power received over ttie 
telephorfs line or rhay receive power from a local 
source, such as a wall-mount power supply. 

The embodiment shown in Rgure 6 requires 
the use of an Integrated Services Data Networic 
(ISDN) In which both voice and data can be canried 
over the same transmission system. Although such 
a networic Is not widely available In the United 
States, work on an ISDN standard is underway and 
a few trial Instalations exist The circuitry in f=igure 
6 is similar to that shown In Rgure 5 with the 
exception that the portion of the circuitry which 
supports the external connections is designed to 
woric with an ISDN data Rnk. 

Under the current ISDN standards, voice and 
data Information Is distributed within an office or 
other work environment on two twisted-pair data 
lines which must be transformer coupled to receiv- 
ers and transmitters. Both the voles and data In- 
fomiatlon consist of digital pulse-code modulated 
signals so that troth types of signals may be trane^ 
mitted over the same line. Two lines are needed 
for full duplex or simultaneous two-way operatk>n. 

In particular, twisted-pair data link 100 is con- 
nected by transformer 1 01 to data 
transmitter/receiver unit 104. Similarty, twisted-pair 
data fink 102 is connected by transformer 103 to 
transmitter/receiver 104. Transmitter/receiver 104 ts 
a well-known unit whtoh provides synchronization, 



detection and formatting of the incc»ning and out- 
going data. The output of transmitter/irecelver 104, 
whteh consists of digital data and control wonjs, is 
applied to data fink bus 150. Data link bus 150, 

5 although shown as a single line, fact consista of 
a pair of specialized serial busses - one bus canies 
data and one bus carries control information. 

The Infbmnatton flow on bus 150 Is mtf^eged 
by a data link controller unit 160 which responds to 

TO the control information and supervises the trans* 
mission of data between transmitter/receiver unit 
104 and PCM codec/niter 152 and between 
transmitter/receiver unit 104 and microprocessor 
130. PCM codec/filter 152 is a well-known circuit 

IB consisting of an encoder/decoder unit and a fitter. 
The encoder/decoder unit can decode and encode 
pulse-code modulated signals. Digital information 
on bus 150 Is decoded by the encoder/decoder 
unit and provided to ttie filter portk^n of the unit 

20 which converts the decoded Information to an 
audio-frequency analog signal The analc^ dgnal 
produced at the output of codec/filter 152 is pro- 
vided to an audio amplifier 154 which, In turn, 
drives the receiver 122. 

26 Similarly, audk) signats generated by mlcrc 
phone 124 and amplified by amplifier 154 are en- 
coded into distal signals by unit 152 and transmit- 
ted via bus 150 to transmitter/receiver unit 104. 
The construction and operation of 

90 transmitter/receiver 104, codec/filter 152 and data 
link controller 160 are dependent on the ISDN 
standard with which they are Intended to operate* 
For the ciorent ISDN standard, several 
commercially-available integrated circuits are avall- 

35 at>ie. For example. Integrated circuits embodying 
the required functions which are suitable for use 
with the iilustrathre embodiment are made by 
Motorola Semicontbjctor Products Division located 
in Phoertix, Arizona. Mors partlcularty. Motorola 

40 chip MCI 45474 Is suitable for use as the 
transmltter/lreceiver 104. Motomia chip MC1454ffl 
is suitable for the data link controller and Motorola 
chip MCI 4^54 Is suitable for use as the PCM 
codec/filter circuit As these circuits are conven- 
es tional, their operation will not be explained furttier 
hefein. 

Controller 160 is. in turru operated by micro- 
processor 130, via microprocessor bus 126, in the 
same manner as the previous «nbo(timent die- 
so cussed in connection with Figure & More partteu* 
larly, digital data fnfonmatlon on data fink bus 150 
which is to be displayed is transfen^d through data 
link controller 160 to microprocessor bus 126 and 
stored In RAM memory 136. As prevk>usly dis- 
ss cussed, Infonmation fan RAM memory 136 may be 
transferred to frame buffer memory 138 whBre it 
can be dialled on (fisplay 142 und^ control of 
<£splay controller 140. 
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Claims 

1. In a telephone for connection to a telephone 
line, said telephone having means for receiving 
vofce signals from said telephone line, means for 
transmitting voice signals to said telephone line 
and means for receiving non-voice data from said 
telephone line, the Improvement comprising means 
responsive to said non^olce data for generating a 
magnlffed. vlrtuaKlmage visual dispiay of said data. 

2. In a telephone, the Improvement according 
to Claim 1 wherein said virtuaHmage visual di^ay 
means is capable of displaying a two-dlmensionai 
image. 

3. In a telephone, the Improvement according 
to Claim 2 wherein said two-dimensional image is 
capable of displaying at least 1900 text characters 
simultaneously, 

4. In a telephone, the improvement according 
to Claim 1 wherein said virtual-image visual dispiay 
means is posfttoned so that a user of said tele- 
phone can view said visual display while transmit- 
ting and receiving voice signals over said tele- 
phone, 

5. in a telephone having a portable handset 
which is held by the user and which Incorporates 
said voice signal rec^ving means and said voice 
signal transmitting means, the improvement ac- 
cording to Claim 1 wherein aaid virtual-image visual 
display means Is physically located fn said hand- 
set. 

e. in a telephone, the improvement according 
to Claim 5 wherein said virtuai-Image visual display 
means is positioned so that a user of said tele- 
phone handset can view said visual display while 
transmitting and receiving voice signals over said 
telephone. 

7. In a telephone handset for connection to a 
telephone line, said tetephone handset having 
means for receiving voice signals from said tele- 
phone line, means for transmitting voice signals to 
said telephone line and means for receiving non- 
voice data from said telephone line, the improve- 
ment comprising means responsive to said rran- 
voice data for generating a magnified, virtual line 
Image of said data and means for converting said 
line image into a two-dimensional virtual Image. 

8. In a telephone handset, the Improvement 
according to Claim 7 wherein said means for con- 
verting said line image Into a two-dimensional vir- 
tual inr^age comprises an oscillating mimor 

9. in a telephone handset, the Improvement 
according to Claim 7 wherein said means for gen- 
erating said virtual line image comprises a line of 
light-emitting devices, means responsive to said 
non-voice data for converting said data Into digital 
signals and means responsive to said digital sig- 
nals for selectively liluminatjng said light-emitting 



devices* 

10. in a telephone handset the improvement 
according to Claim 9 wherein said line of light 
emitting devices Is comprised of a sufftdent num- 

s ber of devices so that at least 24 lines of text can 
be simultaneously displayed. 

11. in a telephone handset, the improvwnent 
according to Claim 9 wherein said means for gen- 
erating said virtual llrte image comprises an (^tical 

70 system for generating a magnifiedr virtual image of 
said line of Hght-emrttfng devices. 

12. In a telephone handset the improvement 
according to Claim 10 wherein said means for 
converting said line image into a two-dimensional 

/5 virtual Image comprises an oscillating mirror for 
reflecting said magnified, virtual image of said line 
of light-emitting devices. 

13. A telephone for connection to a telephone 
llnor sakt telephone comprising, 

20 receiver means for receiving voice signals from 
said telephone line; 

transmitter rneans for transmitting voice signals to 
said telephone line, 

ringer means responsive to ringing signals on said 
25 telephone line for generating an audible ring signal; 
hyt>rid circuit means for connecting said receiver 
means, said transmitter means and said ringer 
means to said telephone line; 
means for receiving digitally-encoded data from 
30 said telephone line; 

means for temporarily storing received digitally- 
encoded data; 

a line of light^mttting devices; 
means responsive to said stored digitally-encoded 
35 data for selectively Illuminating said light-emitting 
devices; 

an optical system for generating a magnified, vir- 
tual Image of said line of right-emitting devices; and 
an oscillating minror for reflecting said magnified. 
40 virtual image of said line of tight-emitting devices to 
create a two-dimensional magnified virtual image of 
said digitally-encoded data. 

14. A telephone according to Claim 13 wherefri 
said telephone comprises a handset which la held 

4S by the user of said telephone and said 6ne of light- 
emitting devices, said optical system and said os- 
cillating mirror are physically located in said hand* 
set 

15. A telephone according to Claim 14 wherein 
50 sard receiver means and said transmitter means 

are located in said handset and said oscillating 
minxMT Is positioned so that a user of said telephone 
handset can view said two-dimenslonai magnified 
virtual Image of said d^lly-encoded data while 
56 troismittlng and receiving voice signals over said 
telephone handset 

16. A telephone according to Claim 15 wherein 
said oscillating mirror Is resonantly driven. 
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17. A telephone according to Ctaim 16 wherein 
said light-emitting devices are light-emitting diodes. 

18. A telephone according to Claim 17 wherein 
said optical system comprises at least one lens 
located between said line of light-emitting devices 5, 
and said oscillating mirror. 

18. A telephone according to Claim 18. wherein 
said One of light-emitting diodes includes a suffix 
clent number of diodes and said oscillating mirror 
osdilates over a sufficient angle that a user of said io 
telephone can view at least 1800 text characters 
simultaneously. 
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